Rationale The Drug Effects Questionnaire (DEQ) is widely used in studies of acute subjective response (SR) to a variety of substances, but the format of the DEQ varies widely across studies, and details of its psychometric properties are lacking. Thus, the field would benefit from demonstrating the reliability and validity of the DEQ for use across multiple substances. Objective The current study evaluated the psychometric properties of several variations of DEQ items, which assessed the extent to which participants (1) feel any substance effect(s), (2) feel high, (3) like the effects, (4) dislike the effects, and (5) want more of the substance using 100-mm visual analog scales. Methods DEQ data from three placebo-controlled studies were analyzed to examine SR to amphetamine, nicotine, and alcohol. We evaluated the internal structure of the DEQ for use with each substance as well as relationships between scale items, measures of similar constructs, and substance-related behaviors. Results Results provided preliminary psychometric support for items assessing each DEQ construct (feel, high, dislike, like, and more).
National Human Genome Research Institute. This version of the DEQ includes the following items: "Do you feel a drug effect right now?" (feel); "Are you high right now?" (high); "Do you like any of the effects you are feeling right now?" (like); "Do you dislike any of the effects you are feeling right now?" (dislike); and "Would you like more of the drug you took, right now?" (more). Although the items included in the version of the DEQ recommended by PhenX reflect some of the more commonly assessed constructs (i.e., feel, high, like, dislike, and more), there is no official version of the DEQ that is used consistently by researchers in the field. Many different versions have been used across studies, which have varied considerably in length (e.g., 2-10 questions) and response format. For example, response options have consisted of either visual analog scales (i.e., VAS) or Likert-type scales and may have a unipolar or bipolar format (e.g., responses for like may range from "not at all" to "very much" or from "dislike very much" to "like very much"). Given the number of existing variations, it is not surprising that the DEQ does not have a clear origin as an independent assessment tool. Instead of a single reference to a standardized scale, articles refer to a variety of original sources (e.g., Evans et al. 2000; Fischman and Foltin 1991; Folstein and Luria 1973; Fraser et al. 1961) or refer to the DEQ as "locally developed," indicating that clear and citable psychometric properties are not available for report (e.g., Fischman et al. 1983; White et al. 2002) . Further, several other questionnaires include items closely related to the DEQ (e.g., Drug Liking Index, End of Session Questionnaire, Drug Liking Scale, Drug Effects/Liking/ Take Again Questionnaire, Single Dose Questionnaire), and the degree of overlap among these questionnaires is unknown. Most importantly, no DEQ version has undergone sufficient psychometric evaluation to support its use as a reliable and valid assessment of the strength and desirability of drug effects.
The substance field would benefit greatly from the use of a standardized, psychometrically sound version of the DEQ that would improve the assessment of acute substance effects and facilitate comparisons across studies. Working toward this goal, the current study had two aims: (1) to evaluate the psychometric properties of several variants of five commonly used DEQ items (feel, high, dislike, like, and more; Hamilton et al. 2011) for use with amphetamine, nicotine, and alcohol and (2) to recommend an empirically improved version of the DEQ based on the results of the study.
Within the current study, several versions of the DEQ were used to assess the three substances. Specifically, the versions varied in terms of instructional set, item order, item format (e.g., question versus statement), and response choice (e.g., "not at all" to "extremely" versus "not at all" to "very much"; see Table 1 ). Although there was variability across the DEQ items, there were sufficient data to evaluate the utility of assessing each of the five constructs (i.e., feel, high, like, dislike, more).
Evidence for the reliability and validity of the respective DEQ items was gathered from the following psychometric evaluations: (1) the DEQ's ability to discriminate between placebo and active substance effects as well as across doses, (2) construct validity (i.e., underlying factor structure), (3) convergent validity, and (4) test-criterion validity. Across substances, the DEQ items were expected to discriminate active drug effects from placebo effects and to discriminate between active doses of a given drug (e.g., 10 versus 20 mg of amphetamine). Although published psychometric information on the internal structure of the DEQ is absent, the DEQ items have traditionally been conceptualized as independent constructs. However, the types of effects assessed by the DEQ may actually represent aspects of a single construct (i.e., the experience of drug effects). Therefore, both single-factor and multi-factor latent structures were considered. Predicted relationships between the DEQ items and alternative measures of subjective experience were based on shared valence such that like and more were expected to relate to positive subjective experiences, and dislike was expected to relate to negative experiences. No specific hypotheses were outlined for items feel and high. Finally, relationships between the DEQ items and drug taking have been evaluated as an indicator of abuse potential within a laboratory context, but it is less clear the extent to which the experience of these effects in a laboratory setting relates to use outside of the laboratory (for a review related to early subjective experience, see de Wit and Phillips 2012) . Although many factors influence substance use (e.g., prior history, availability, legality, social norms, anticipated or actual consequences), we expected that SR in the laboratory would relate to real-world use, especially in cases in which participants had a documented history of using the substance administered in the laboratory (e.g., alcohol and nicotine).
Method

Participants and procedures
Data from three separate placebo-controlled, within-subjects studies were used for the current investigation. The datasets examined acute responses to oral amphetamine (de Wit, unpublished DEQ data), intravenous nicotine (Sofuoglu et al. 2012) , and oral alcohol (King et al. 2011) . Table 2 depicts Response anchors "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely"
The DEQ for amphetamine
Instructional set Please indicate how you are feeling right now. Click the mouse on the white line at a position that corresponds to how much the adjective applies to you. Response anchors "Not at all" to "very strong effect"
"Not at all" to "very" "Not at all" to "dislike a lot" or neutral to "dislike a lot"
"Not at all" to "like a lot" or "neutral" to "like a lot"
"Not at all" to "a lot" Response anchors "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely" "Not at all" to "extremely" Response anchors "Not at all" to "a lot" "Not at all" to "very"
"Dislike" to "like very much"
"Not at all" to "very much" a brief summary of the three parent studies, including participant demographics and procedures employed in data collection. Across studies, a total of 687 participants were recruited from either community or college samples. The amphetamine and alcohol studies included participants who adequately represented both male and female genders (mean percent male across studies=54.5), were comparably aged (mean age = 24.6), and overrepresented participants of Caucasian descent (percent Caucasian=86.7). The nicotine dataset comprised older participants (mean age= 37.4 [8.7] ) who were majority male (percent male=70.5).
Caucasian and African-American backgrounds were equally represented (percent Caucasian = 46.5; percent AfricanAmerican=42.4).
Measures
Main measure
Drug effects questionnaire The DEQ versions used in each study employed a 100-mm VAS anchored by "not at all" and variants of "extremely" (e.g., "very strong," "very much") to capture the post-drug experience of feel, high, and more. The greatest discrepancy across studies was in the assessment of like and dislike. Most similar to the version recommended by PhenX, like and dislike were evaluated within the amphetamine study using separate unipolar scales anchored by either "not at all" or "neutral" and "like/dislike a lot." Independent samples t tests indicated that participants' responses were not statistically different depending on the anchors used to assess SR to amphetamine (p values>0.10). Within the alcohol study, like and dislike were assessed with a single bipolar response scale with VAS anchors ranging from "dislike very much" to "like very much" with "neutral" in the middle. Within the nicotine study, dislike was not explicitly assessed. Rather, an item assessing "I feel bad drug effects" was substituted for dislike. Although "I feel bad drug effects" is unlikely to be the same as dislike, there is reason to believe that these items may evidence significant overlap. First, these items have demonstrated significant overlap in a prior nicotine administration study (correlations ranging from 0.77-0.79; Blank et al. 2007 ). Second, both "I feel good drug effects" and "I like the drug effect" were explicitly assessed in the nicotine study. The magnitude of the correlation between these items (r=0.75) indicated that "I feel good drug effects" would be a reasonable proxy for like in the current study, and the strength of the correlation was also consistent with those observed between dislike and bad drug effects in previous work (Blank et al. 2007 ). Based on these two pieces of evidence, we inferred that "I feel bad drug effects" would be a reasonable proxy for dislike.
Additional measures used to evaluate validity Data from other relevant self-report measures were obtained as possible from each parent study. Additional assessments of subjective experience after drug administration were obtained to assess convergent validity and self-reported frequency of use of substances similar to the drug in a given study (i.e., lifetime stimulant use in the amphetamine study; daily cigarettes smoked in the nicotine study; quantity/frequency of drinking in the alcohol study). Within the alcohol study, data were also gathered on alcohol use and related consequences assessed at the 2-year post-laboratory follow-up. See Table 2 for a list of additional assessments by study.
Measures used to evaluate convergent validity
The following measures were also assessed after drug administration in several of the datasets. In the analysis, only the scores corresponding to the post-drug interval with peak feel were analyzed.
Profile of mood states (POMS; McNair et al. 1971)
The POMS is a 72-item measure that assesses various affective states. Participants rated the extent to which they experienced each of 72 affective states using a five-point scale ranging from "not at all" to "extremely."
Addiction research center inventory (ARCI; Martin et al. 1971) The ARCI is a 49-item true-false scale that assesses participant sensitivity to several drug effect categories including: amphetamine-like effects (e.g., increased energy, sense of well-being), Benzedrine-like a Denotes variables which were successfully log transformed to improve the distribution of the data b Denotes that within the nicotine study, "I feel bad effects" was used in the absence of an item specifically assessing "dislike" (bipolar) denotes the use of a bipolar scale with anchors of "dislike very much,"
"neutral," and "like very much"
effects (e.g., increased energy, intellectual productivity), morphine-Benzedrine-like effects (e.g., pleasant somatic experiences, euphoria), lysergic acid diethylamide-like effects (e.g., dysphoria, somatic discomfort), and pentobarbital-chlorpromazine-alcohol-like effects (e.g., sedation, psychomotor retardation).
The biphasic alcohol effects scale (BAES; Martin et al. 1993 ) The BAES is a 14-item measure that assesses alcohol-induced stimulation (e.g., energized, talkative) and sedation (e.g., heavy head, slow thoughts). Participants rated their subjective experience of each alcohol effect on an 11-point rating scale from "not at all" to "extremely."
Measures used to evaluate test-criterion validity
Stimulant use Participants reported on lifetime frequency of stimulant use.
Cigarette smoking A single item assessed typical number of cigarettes smoked daily.
The brief questionnaire on smoking urges (BQSU; Cox et al. 2001 ) The BQSU is a 10-item measure that assesses cigarette craving (e.g., All I want right now is a cigarette). Based on the factor analysis conducted by Toll et al. (2006) , the BQSU includes two factors: global intent to smoke and desire to relieve negative affect. Data were collected at baseline (i.e., before nicotine administration) and at the end of the study after all doses of nicotine were administered.
Timeline follow-back (TLFB; Sobell and Sobell 2003) The TLFB is an experimenter-administered interview which assesses the quantity and frequency of drinking in the past month. In the alcohol study, data are included from baseline (N=294) and the year 2 follow-up (N=190).
Alcohol use disorders identification test (AUDIT; Saunders et al. 1993 ) The AUDIT is a 10-item self-report measure that assesses alcohol-related negative consequences (e.g., Have you/someone else been injured as a result of your drinking?). In the alcohol study, data are included from baseline (N=294) and the year 2 follow-up (N=190).
Data analytic plan
Data preparation To facilitate the comparison of findings across the four datasets, we used DEQ ratings for all items that corresponded with the time point (e.g., baseline, time 1, time 2) at which individuals reported the strongest experience for the item "Do you feel a drug effect right now" (i.e., peak feel). 1 Across the three datasets, 10 individuals reported feeling no drug effects (peak feel=0) and were not included in the analyses (n=6 for amphetamine; n=3 for nicotine; n=1 for alcohol).
Discriminating drug from placebo effects A good measure of substance effects must be able to reliably detect them. Therefore, paired-samples t tests were used to evaluate whether the DEQ items reliably discriminated drug effects from placebo effects and whether they were sensitive to drug dose.
Construct validity To test the possibility that the DEQ items reflect several aspects of a single construct (i.e., the experience of drug effects) rather than distinct constructs, we used a CFA approach within MPLUS 5.1 (Muthén and Muthén 1998-2008) to fit a single-factor model comprising all five of the DEQ items to the data for amphetamine and nicotine. For alcohol, like and dislike were assessed using a single bipolar item, so a four-item factor was specified. Robust maximum likelihood estimation (estimator = MLR) was used, as this estimation method is robust to both nonnormality and non-independence of observations and produces a range of fit indices that are helpful in determining latent factor structure.
Convergent validity Bivariate correlations were conducted to evaluate the relationships between the DEQ items and the following alternative measures of subjective experience: the POMS (amphetamine), the ARCI (amphetamine and alcohol), and the BAES (alcohol).
Test-criterion validity First, multiple regression analyses were used to evaluate whether participants' DEQ responses to amphetamine, nicotine, and alcohol, respectively, were related cross-sectionally to their use of similar substances. Specifically, SR to amphetamine was examined in relation to lifetime stimulant use, SR to intravenous nicotine was examined in relation to baseline smoking frequency, and SR to alcohol was examined in relation to the frequency of alcohol use over the past month and to the experience of negative alcohol-related consequences. Gender, race, and age were entered as covariates in the models for nicotine and alcohol. Only gender and age were entered as covariates in the model for amphetamine because all participants were of Caucasian descent.
Second, multiple regression analyses were conducted to assess predictive validity for nicotine (e.g., DEQ responses to nicotine→BQSU urge ratings later in the session) and alcohol (DEQ responses to alcohol→drinking frequency and AUDIT scores at follow-up). As with the prior models, gender, race, and age were included as covariates in each model. Baseline smoking urges were also included in the model predicting post-nicotine administration urge to smoke. Of note, while in the alcohol study (King et al. 2011 ) drinkers were recruited to fit either heavy or light drinking criteria, the predictive validity analyses focused on two outcome variables that were normally distributed across the combined sample: frequency of drinking over the past month and AUDIT scores.
As noted above, separate regression models were run for each individual DEQ item. We employed false discovery rate control (FDR; Benjamini and Hochberg 2000) to account for the multiple comparisons. Rather than rank ordering the significance levels of each of the covariates, the significance level associated with the block of covariates was taken into consideration. The tolerance level for type I error was set to the traditional alpha value of 0.05.
Results
Discriminating drug from placebo effects
Paired-samples t tests revealed that participants' subjective experience of feel, high, like, dislike, and more reliably discriminated drug from placebo effects across all substances (see Table 3 ). The subjective experiences of each of the DEQ items were rated stronger after administration of amphetamine, nicotine, and alcohol than after placebo, with the exception of a decrease in dislike following amphetamine administration. Effect sizes for the items were generally moderate to large, adding further confidence that the respective DEQ items reliably detect effects for each of the substances evaluated. Regarding dose effects, paired-samples t tests revealed that participants' subjective experience of feel, high, like, and more discriminated between different doses for each substance except nicotine (i.e., stronger for the higher versus lower dose). Dislike/bad drug effects did not discriminate between drug doses. To minimize redundancy, the results associated with the strongest dose are presented in the text and tables that follow.
Construct validity: confirmatory factor analysis
A single-factor model including all five DEQ items (four items for alcohol) did not provide adequate fit to the data for any of the three substances as evidenced by one of more of the following model fit indices: Bentler's Comparative Fit Index <0.90, Tucker Lewis Index<0.90, Root Mean Square Error of Approximation>0.08, and Standardized Root Mean Square Residual>0.08 (results not presented). Weak loadings (<0.25) for dislike for amphetamine and nicotine suggested dislike may represent a separate factor. Therefore, a second model was specified in which dislike was specified as the first factor (i.e., the loading was fixed to 1) and items feel, high, like, and more comprised a second factor. Again, the model did not fit the data for either substance (see Table 4 ).
Given the absence of prior published work on the latent structure of the DEQ, we reviewed within each model item factor loadings, modification indices, and inter-item correlations for signals of a reliable latent structure. When the models were examined across the substances, either items like/more or items feel/high loaded more strongly onto the identified factor with the other pair of items evidencing weaker loadings (see Table 4 ). Modification indices were consistent with the pairings of feel/high and like/more (columns labeled "Modification indices") as were inter-item correlations (columns titled "Inter-item correlations"). Although items feel, high, like, and more all were strongly correlated with one another across substances, the magnitude of the relationships between items feel and high and between items like and more observed for amphetamine and for alcohol raised concerns about possible non-independence of these items based on established criteria for evaluating multicollinearity (r>0.80; Meyers et al. 2006) .
At this point in time, the brevity of the DEQ became a limiting factor in evaluating latent structure. When considered in concert, the item loadings, modification indices, and inter-item correlations suggested that model fit was compromised by the presence of strong relationships between items feel and high and items like and more for each substance. The presence of these item pairings suggested two possibilities. First, the DEQ items actually reflect a single latent factor, but redundant items must be dropped to improve model fit. A second possibility is that items feel and high and items like and more actually reflect two separate latent factors. Unfortunately, considering both the single-factor and two-factor solutions presented the same dilemma. With respect to the single-factor solution, modification indices (and inter-item correlations) indicated that it was necessary to drop two items from our model (one from each item pairing), which would result in a latent factor comprising only two items. Fitting a two-factor model based on the pairings of items feel and high and items like and more would have posed the same concern; each identified factor would contain only two items. The minimum number of items considered sufficient for being considered a proper "subscale" and estimating latent variables is three (e.g., Jöreskog and Sörbom 1989; Levitt et al. 2009 ). Thus, while it was clear that a single-factor solution could not be fit to the DEQ items we assessed, it was impossible to evaluate a For all substances except alcohol (for which dislike was not explicitly assessed), dislike was the only item on factor 1 and model fit was inherently "perfect" given that item loadings were set to 1. Therefore, the model fits for dislike are not presented in the table b Denotes that within the nicotine study, "I feel bad effects" was used in the absence of an item specifically assessing "dislike"
c Denotes that within the alcohol study, like and dislike were assessed using a single bipolar scale ranging from "dislike very much" to "like very much" The table depicts the magnitude of paired-samples t tests evaluating differences in each of the DEQ items by condition (i.e., placebo versus substance administration) as well as differences by dose *p<0.05; **p<0.01; ***p<0.001 a Denotes that within the nicotine study, "I feel bad effects" was used in the absence of an item specifically assessing "dislike"
further the latent structure given the limited number of items. As such, the DEQ items were analyzed as distinct, albeit significantly related, constructs.
Convergent validity: the DEQ items and alternative measures of subjective experience Across substances, common patterns of relationships between the DEQ items, affective experiences, and substance-induced effects were observed (see Table 5 ). Like and more were associated with a range of positive subjective experiences including feeling friendly, elated, and vigorous (assessed using the POMS); experiencing increased energy, positive somatic experiences, and euphoria similar to the effects of amphetamine, Benzedrine, and morphine (assessed using the ARCI); and feeling pleasant alcohol-induced stimulation (assessed using the BAES). Where statistically significant inverse correlations emerged for like and/or more, they were consistent with the pattern of findings observed for the positive correlations related to mood and substance-induced affective experiences. For example, after amphetamine administration, stronger more was associated with decreased feelings of fatigue and confusion on the POMS and with fewer sedative impairing effects associated with pentobarbital on the ARCI. This pattern is consistent with the relationships observed between more and vigor (POMS) and the positive, stimulant effects of amphetamine and Benzedrine (ARCI). Feel and high were generally associated with the same positively valenced subjective experiences across substances as were like and more. However, experiences of feel and/or high were also associated with negatively valenced experiences including anxiety and anger (POMS) after amphetamine administration, LSD-like dysphoria (ARCI) after amphetamine and alcohol administration, and sedation (BAES) after alcohol administration. After amphetamine administration, dislike was associated with increases in the negative affective experiences (e.g., anxiety, depression, fatigue, anger, confusion) and decreases in positive affective experiences (e.g., elation, vigor) assessed by the POMS. Similarly, after amphetamine administration, positive correlations were observed between dislike and negatively valenced substance-induced experiences assessed by the ARCI including LSD-like dysphoria and pentobarbital-like sedation, while inverse correlations were observed with positive substance-induced experiences like those associated with the characteristic effects of Benzedrine.
Test-criterion validity: relationships between the DEQ items and substance behaviors
Concurrent validity For amphetamine and alcohol, each of the DEQ items assessed was associated with cross-sectional substance use with the exception of dislike. Like and more were associated with more frequent stimulant use (p<0.001, Denotes that within the alcohol study, like and dislike were assessed using a single bipolar scale ranging from "dislike very much" to "like very much" p=0.027) as well as with greater baseline drinking frequency and higher AUDIT scores (p values<0.001; see Table 6 ). Regarding feel and high, stronger effects were associated with more frequent lifetime stimulant use (p=0.01, p= 0.001, respectively) but with lower baseline drinking frequency and AUDIT scores (p values≤0.001). Finally, stronger experiences of dislike after amphetamine were not significantly associated with lifetime stimulant use (p= 0.06). For nicotine, weaker like and more were associated with heavier baseline smoking at a significance level of p< 0.05. However, after employing the FDR correction, subjective response to intravenous nicotine was not associated significantly with baseline levels of smoking.
Predictive validity Although SR to intravenous nicotine was not associated with baseline smoking, it was associated with smoking urges after the nicotine administration session. Specifically, weaker experiences of feel, high, and more and stronger experiences of dislike (i.e., "feel bad drug effects") after IV nicotine administration were associated with stronger global smoking urges and/or stronger urges to smoke to relieve negative affect (p values<0.05; Table 7 ). Regarding alcohol, stronger experiences of like and more and weaker experiences of feel predicted more frequent alcohol use (p values<0.05) and higher AUDIT scores (p values<0.001) at 2-year follow-up. After employing the FDR correction, all results remained significant with the exception of the relationship between more and global desire to smoke following nicotine administration.
Discussion
The first goal of the current study was to provide preliminary psychometric support for the use of five constructs that are commonly assessed by DEQ variants (feel, high, like, dislike, and more; Hamilton et al. 2011) . To this end, we evaluated the psychometric properties of several variants of the five DEQ items, which differed with respect to item format and response anchors. Across substances, we found preliminary psychometric support for the use of each of the item variants. All item variants reliably discriminated drug from placebo responses, providing solid evidence that experiences of each of the DEQ items reflect genuine pharmacological substance-induced effects. Further, the variants of items feel, high, like, and more were reliably dosedependent across substances with the exception of nicotine. Consistent with extant theory and practice, the results of the construct validity analyses provided support for the conceptualization of the DEQ items as unique, albeit significantly related, constructs as opposed to a unitary construct. The DEQ items also evidenced convergent validity in relation to measures often administered alongside the DEQ in laboratory paradigms (i.e., ARCI, POMS, and BAES). As anticipated, items like and more were associated most strongly with positive drug experiences (e.g., euphoria, energy/increased productivity) and mood states (e.g., feeling friendly, elated, vigorous). Also as expected, dislike was associated with negative subjective experiences. Further, items feel and high were associated with the same positive outcomes as like and more but were also associated with negative drug experiences (e.g., dysphoria and physical discomfort associated with LSD), negative mood states (e.g., anxiety, anger), and alcohol-induced sedation. This pattern suggests that feel and high may capture the experience of a broader range of substance-induced effects than like, more, and dislike, which appeared to have an inherently positive or negative valence within the current study.
As mentioned previously, the DEQ has been used widely, and its continued popularity is likely the result of the fact that DEQ variants have demonstrated utility in assessing substance effects across a range of different drugs in laboratory settings. However, doubts have been raised about the extent to which a profile of DEQ responses should correspond to substance use outside the laboratory (e.g., de Wit and Phillips 2012). Although it is important to acknowledge that numerous factors are at play in determining substance use and that future research is needed before any strong conclusions can be made, the results of the current study provide preliminary evidence that DEQ responses may meaningfully relate to substance use in a real-life context for some substances of abuse.
After amphetamine administration, stronger experiences of feel, high, more, and like were cross-sectionally related to lifetime history of stimulant use. With respect to nicotine, weaker experiences of feel, high, and more and stronger experiences of dislike predicted stronger urges to smoke at the end of the session. These findings may initially appear counterintuitive, as one might expect stronger positive effects of nicotine to be associated with subsequent urge to smoke. However, these findings may reflect, in part, the novel route of nicotine administration. Smokers who are more physiologically dependent on nicotine may also show more psychological addiction to the behavioral aspects of smoking cigarettes (e.g., handling a cigarette, sensory aspects of inhaling smoke, etc.) than those with less physiological dependence. As such, they may be less responsive to intravenous nicotine delivery, which physiologically reduces nicotine withdrawal effects but lacks most of the cues associated with typical nicotine delivery via smoking. Finally, with respect to alcohol, stronger experiences of like and more were associated with more frequent alcohol use and higher AUDIT scores at the time of the first alcohol administration session and at the 2-year follow-up. Perhaps reflecting the development of tolerance to the effects of Within the amphetamine study, lifetime stimulant use was used to evaluate the concurrent validity of the DEQ items. Within the nicotine study, the average number of cigarettes smoked per day was used to evaluate concurrent validity of the DEQ items. Within the alcohol study, the number of days participants consumed alcohol in the past month and AUDIT scores over the past month were used to evaluate concurrent validity of the DEQ items. Separate models were run for each DEQ item.
Step 1 included sex, race, and age as covariates.
Step 1 of the nicotine and alcohol regression models included sex, race, and age as covariates. The model for amphetamine did not include race because all participants were Caucasian.
Step 1 results are presented only once (values in bold font)
for each substance. Results from step 2 of each model are then presented. The significance levels depicted in the table do not reflect any corrections for multiple comparisons. However, all significant findings remained statistically significant after we employed false discovery rate (FDR) with a tolerance level for type I error set to alpha=0.05 with the exception of the results for nicotine (denoted in italicized font) *p<0.05; **p<0.01; ***p<0.001 a Denotes that within the nicotine study, "I feel bad effects" was used in the absence of an item specifically assessing
Denotes that within the alcohol study, like and dislike were assessed using a single bipolar scale ranging from "dislike very much" to "like very much" Table 7 Hierarchical regression evaluating the predictive validity of the DEQ items for use with nicotine and alcohol For nicotine, outcomes used to evaluate predictive validity included participants' self-reported smoking urges at the end of the nicotine administration paradigm (i.e., after the 0.5 and 1 mg doses had been administered). For alcohol, outcomes used to evaluate predictive validity included the average number of days per month than participants consumed alcohol over the course of the 2-year study follow-up period as well as AUDIT scores at the 2-year follow-up. Separate models were run for each DEQ item.
Step 1 included sex, race, and age as covariates. For the nicotine models, baseline smoking urges were included as additional covariates due to their significant relationship with the predictor and or criterion variables across the models.
Step 1 results are presented only once (values in bold font) for each substance. Results from step 2 of each model are then presented. The significance levels depicted in the table do not reflect any corrections for multiple comparisons. However, all significant findings remained statistically significant after we employed FDR with a tolerance level for type I error set to alpha=0.05 with the exception of the results for more after nicotine administration (denoted in italicized font) *p<0.05; **p<0.01; ***p<0.001 a Denotes that within the nicotine study, "I feel bad effects" was used in the absence of an item specifically assessing
Denotes that within the alcohol study, like and dislike were assessed using a single bipolar scale ranging from "dislike very much" to "like very much" alcohol, weaker experiences of feel were associated with heavier alcohol use and with higher AUDIT scores over the course of the study. Similarly, weaker experiences of high were associated with higher AUDIT scores at the time of the first session.
The present study has a number of important strengths, but several limitations also merit consideration. Statistically significant findings related to the DEQ had been published previously from the nicotine and alcohol datasets that we used to conduct the current set of analyses. Given that our analyses for nicotine and alcohol relied on datasets in which the DEQ was known to have utility, it is not possible to determine from the current study how often the DEQ fails to perform as expected in these substances (and other substances that were not assessed). These concerns are mitigated, however, by the fact that we found psychometric support for the DEQ for use with amphetamine using a dataset from which no DEQ data had been published previously.
A second concern related to the three parent studies is that they differed with respect to study sample and methodological design. Across studies, participants varied with respect to age, race, and substance use status. For example, participants in the nicotine study were older, more likely to be male, and had a higher representation of AfricanAmerican compared to participants in the amphetamine and alcohol studies who were younger, equally represented both genders, and had a majority of Caucasians. Further, the amphetamine study included healthy, non-dependent individuals, while participants in the nicotine study were at least moderately addicted and in withdrawal at the time of participation, and 70 % of the participants in the alcohol study were regular binge drinkers. Gender, age, and race were included as covariates in the statistical models to account for their influence on substance use outcomes, but it is unclear how well the DEQ items would relate to one another and to outcomes of interest across the continuum of age, race, and substance use status (i.e., non-users, experimental and regular users, and dependent users).
Regarding study design, only the nicotine and alcohol studies had data relevant to predictive validity analyses, so relationships could not be assessed for amphetamine. It should also be noted that the present analysis was conducted across three common substances that have high abuse potential, and it is unclear whether the pattern of relationships observed within the current study would be replicated with drugs that have greater potential for negative effects (e.g., LSD, ketamine, nitrous oxide). Furthermore, different patterns of use may confer increased risk across the substances included in the current study (e.g., binging for alcohol and amphetamine; steady use for nicotine), and it remains to be seen whether the DEQ can discriminate risk profiles.
Also related to study design, each of the parent studies employed a double-blind, placebo-controlled, laboratorybased substance administration paradigm to assess acute subjective response. Although studies using the DEQ often employ this study design, the rationale for doing so varies. Similar to the aims of the parent studies, one reason may be to characterize the drug effects in a particular individual or within a group of interest (e.g., alcohol-dependent individuals) to better understand subjective response in relation to substance use outcomes. Another reason may be evaluating the impact of administering a potential antagonist or a pharmacological enhancer on subjective response with repeated administration or during a period of acute abstinence. Assessing the validity of the DEQ for use in a repeated measures design or in concert with an agonist or antagonist will be an important subject for future study.
It is also important to consider the ramifications of our decision to link participants' subjective experience of feel, high, dislike, like, and more to the point in time at which they reported the strongest substance effects (peak feel). A different pattern might have emerged if the time point at which the highest subjective liking or plasma level of drug was used. However, strong correlations between the value of each item at peak feel and at its respective peak value (e.g., the value of like at peak feel compared to the value of like at peak like) were observed for amphetamine and nicotine (mean values>0.90), suggesting that a similar pattern of results may emerge if SR were tethered to the peak experience of a different item (e.g., like).
Several issues related to the assessment the DEQ items should be considered in the context of study limitations. Several versions of the DEQ were used to assess SR within the current study. These versions varied in terms of instructional set, item order, the assessment of dislike, item format (i.e., question versus statement), and item response anchors. Unfortunately, it was not possible to evaluate the extent to which discrepancies in instructional set, item order, and item format may have influenced SR. However, the fact that we obtained significant results across substances suggests that these discrepancies likely have a minimal impact. When considering the importance of assessing dislike, this construct was assessed explicitly and as an independent item only within the amphetamine study (where it was unrelated to lifetime stimulant use). Within the nicotine study, participants' responses to the item "I feel bad drug effects" were considered a proxy for dislike in the absence of an item explicitly assessing this construct. This decision was based on a strong relationship observed between items like and "I feel good effects" in the current study and on results of a previous study in which subjective experiences of dislike and bad drug effects after nicotine administration were correlated strongly (However, it is unclear to what extent the pattern of results observed in the current study would be replicated if "dislike" had been assessed explicitly). Within the alcohol study, like/dislike were assessed using a single bipolar scale with response options ranging from "dislike very much" to "like very much." The results of the current study found support for the utility of the bipolar item, but the fact that both items like and dislike accounted for unique variability in outcomes related to amphetamine and nicotine use speaks to the value of assessing these constructs independently. Finally, the item response anchors differed across the DEQ versions used in the current study. Each item was assessed within the nicotine and alcohol studies using a 100-mm VAS anchored by "not at all" and variants of "extremely" (e.g., "very strong," "very much"). Items feel, high, and more were assessed using a similar format within the amphetamine study, but a subgroup of the participants in the amphetamine study reported on like and dislike using anchors "neutral" and "like/dislike a lot" while other reported using anchors "not at all" and "like/dislike a lot." Independent-samples t tests suggested that participants' responses were not significantly different depending on whether "neutral" or "not at all" was used to anchor the like and dislike scales used to assess SR to amphetamine. However, it was not possible to evaluate further the extent to which discrepancies among response anchors may have translated to meaningful differences in the variability of participant responses across substances.
In moving toward a standardized version of the DEQ, it is important to consider the lessons to be learned from the current study's strengths and limitations. Consistent with the first goal of the study, we found psychometric support for the importance of assessing each of the five DEQ constructs (feel, high, dislike, like, and more) across several common substances of abuse. As a result of conducting the current study, we also identified several complications associated with using different variants of the DEQ. In light of these strengths and limitations, we propose an empirically Instructions: This questionnaire asks about how you are feeling after taking the substance that was given to you. Please draw a mark on the line to show how strongly you are feeling each of the following effects right now. You can mark anywhere on the line, but please draw a vertical line (one that goes straight up and down).
Let's look at an example first.
EXAMPLE: Do you feel dizzy right now?
If you do not feel dizzy, draw a line at NOT AT ALL. If you feel very dizzy, draw a line at EXTREMELY. If you feel somewhere in between, you can draw a mark anywhere along the line between NOT AT ALL and EXTREMELY to indicate how dizzy you are. For example, if you feel a little dizzy, you might draw a line that looks something like the example below.
NOT AT ALL EXTREMELY
Do you FEEL a drug effect right now?
Are you HIGH right now?
Do you DISLIKE any of the effects you are feeling right now?
NOT AT ALL EXTREMELY 4. Do you LIKE any of the effects you are feeling right now?
Would you like MORE of the drug you took, right now?
NOT AT ALL EXTREMELY Fig. 1 The DEQ-5 improved version of the DEQ (see Fig. 1 ) along with several recommendations for using the measure.
The DEQ-5
Instructional set We made several changes to the instructional set to improve overall clarity and to make the measure accessible to a broader range of participants. First, we eliminated or explicitly defined more advanced vocabulary terms (i.e., "adjective" and "vertical"). Second, to facilitate the scoring of the VAS, we explicitly instruct participants to mark their SR using a vertical line. Without a specific prompt, participants may indicate their SR on a paper-andpencil version of the DEQ using an "X," a checkmark, or another symbol which makes scoring the VAS more difficult. Finally, we provide an example item (i.e., "Do you feel dizzy right now?").
Item format The DEQ-5 comprises five items: feel, high, dislike, like, and more. Each item is assessed with a separate, unipolar 100-mm visual analog scale as opposed to a unitary bipolar scale to assess dislike and like.
Item order The current study suggested clear pairings of items feel and high and items like and more across substances. Therefore, we have reconfigured the order of the DEQ items to reflect these pairings (i.e., feel, high, dislike, like, more). This structure allows participants to consider their experience of each effect prior to deciding if they would like more. This structure also progresses from terms with an ambiguous valence (feel, high) to terms with a clear negative or positive valence (dislike, like).
Recommendations for using the DEQ-5
1. To help ensure that participants' DEQ responses reflect SR to the active substance that was administered rather than their general affective state or expectations, consider including only participants who report experiencing a drug effect (i.e., feel>0.00) in statistical analyses.
Given that the DEQ is designed to assess SR to pharmacological drug effects, we only analyzed data from participants who reported feeling some magnitude of drug effect (i.e., feel>0.00). Across studies, 10 participants reported feeling no effects, so their DEQ data were not included. While the absence of a drug effect in a small subsample of individuals is not cause for concern on its own, we noticed that several participants who reported not feeling any drug effects reported nonzero values for at least one additional DEQ item (i.e., high, like, dislike, more). In most cases, the non-zero values were close to zero (e.g., 0.01) and likely reflected the sensitivity of using a 100-mm scale. However, there were several cases where more substantial variability was noted (e.g., reporting 0.00 for feel and 0.30 for high). In the current study, these aberrations did not impact the study results because the data were not included in the analyses. However, these types of discrepancies may not be as apparent in studies that have not linked the experience of all DEQ items to peak feel. Moving forward, researchers should review their data and decide prior to conducting statistical analyses how they wish to manage cases in which participants report feeling no drug effects and/or where discrepancies emerge (i.e., feel=0; high=30). 2. Examine the relationship among the DEQ items prior to conducting analyses or interpreting statistical findings to ensure the independence of the constructs. The current study found support for considering each of the DEQ items as independent constructs. However, strong relationships were observed between items feel and high and items like and more across substances in the currents study. Based on the study findings, we recommend that researchers evaluate the strength of the relationships among items on a study-by-study basis to ensure that results are interpreted in a manner that accounts for potential non-independence of items. For example, one would not want to interpret a common pattern of results observed for items like, feel, and high as independent effects if the items were, in fact, indistinguishable. 3. Conduct future large-scale laboratory studies to assess SR to several different drugs, at different doses, in different users, with measures of concurrent and predictive validity to evaluate definitively the psychometric properties of DEQ-5.
